Introduction
Schizophrenia is a disorder that affects~1 in 100 UK adults. 1 The International
Classification of Diseases (10th revision) describes schizophrenia as a condition of "severe fundamental and characteristic distortions of thinking and perception, and affects that are inappropriate or blunted". Since the early 1950s, antipsychotic medication has been the primary treatment option for patients with schizophrenia.
drugs have been defined by their side-effect profile. FGAs are generally associated with extrapyramidal adverse effects, with SGAs primarily associated with metabolic side effects. Antipsychotics are an effective treatment for patients with schizophrenia and the mainstay of current clinical care. Long-acting injectable (LAI) antipsychotics offer an important alternative to oral treatment options in the context of medication adherence. Several SGA antipsychotics, such as risperidone, olanzapine, paliperidone palmitate, and aripiprazole, are approved in the UK for the treatment of schizophrenia in both oral and LAI preparations. Paliperidone and aripiprazole have been available as LAIs in the UK from 2011 and 2014, respectively but are more expensive compared with FGA LAI antipsychotics.
Results of placebo-controlled, registration trials of SGA LAIs demonstrated a significant reduction in relapse rates and improvement in symptoms compared with placebo in patients with chronic schizophrenia, as well as in acutely ill patients. 3 Clinical trials comparing SGA LAIs with oral antipsychotics (OAPs) are less consistent, being influenced considerably by study design, with the superior efficacy of LAIs to OAPs most evident in mirror image and cohort studies. 4, 5 Poor medication adherence, as with other medical conditions, can be a significant issue in those with serious mental illnesses, with poor adherence usually associated with inferior clinical outcomes. For example, a study from the USA using Medicaid databases of patients with schizophrenia showed that those patients who were non-adherent were approximately three times more likely to be admitted to a psychiatric bed over a year than their adherent counterparts. 6 Even when patients report satisfaction with their medication choice, there is evidence of under-adherence. Both patients and prescribers overestimate adherence rates, when adherence is measured electronically via a microchipped medication container. 7 Improved adherence is likely to result in better clinical and patient-reported outcomes. LAIs, in contrast to oral formulations, can offer benefits in terms of convenience, increased availability of clinician resource, patient autonomy, and potentially enhanced adherence. The first SGA LAI, risperidone, was launched in 2001. Currently, risperidone, paliperidone, olanzapine, and aripiprazole are approved for the treatment of patients with schizophrenia in the UK; however, the benefits of using LAI SGAs over oral SGAs are unclear. 8 Meta-analyses have suggested that there is no firm evidence that atypical LAI antipsychotic medications reduce the overall relapse rate in patients with schizophrenia compared with their oral equivalents, although patients' global outcomes generally show improvement. 5, 8 The lack of apparent effectiveness may be due to some of the methodological limitations of randomized controlled trials (RCTs), including their shorter duration. This short duration may miss the benefits of medication over a longer time-period (eg, several years) from being observed. Furthermore, patients selected for RCTs are less likely to be those who will benefit most from LAI therapies, such as those who poorly engage with services. 4, 5 Observational studies have shown that LAIs, when compared with their oral equivalents, reduce relapse and readmission rates significantly. 4, 9 Mirror-image studies of , Janssen-Cilag, Beerse, Belgium) is indicated for maintenance treatment of adult patients with schizophrenia stabilized with paliperidone or risperidone, and was approved in the UK in March 2011. Both have a higher acquisition cost compared with generic antipsychotics and therefore, local commissioners required an evaluation of their use. The primary objective of this study was to undertake a service evaluation using routinely collected data to ascertain both the cost effectiveness and clinical effectiveness of LAI aripiprazole and paliperidone once a month against HoNOS scores.
At initiation of the service evaluation, there was a lack of relevant literature. However, a part-prospective mirror-image study examining outcomes 2 years before starting paliperidone palmitate and 2 years after initiation of treatment has since been reported. This study demonstrated a substantial reduction in hospital admissions (from 1.80 in the 2 years before starting paliperidone once a month to 0.81 in the 2 years following initiation (P<0.001)) and days spent in hospital, which was associated with cost reductions related to reduced use of health care facilities. 12 Further, a recent noninterventional, observational, mirror-image follow-up of 160 patients prescribed LAI aripiprazole at two UK centers showed significant reductions in the mean number of bed days in the year following LAI aripiprazole, from~30 to 23 days per patient. The mean number of admissions also fell significantly from 0.71 to 0.45 per patient per year over the same period. The prescribing of LAI aripiprazole reduced average bed days and admissions compared with prior treatments and was viewed as broadly cost-neutral. 13 Both these studies focused on economic outcomes and did not report specific clinical outcomes. More data on the wider health and social impact of aripiprazole or paliperidone on patients with clinically diagnosed psychosis are needed. In this study, we used the validated HoNOS scale to measure improvements in wider health and functioning and as a secondary measure to review patients' metabolic parameters, given mounting concerns regarding the physical health of patients with psychosis.
Materials and methods
This study was conducted in North Staffordshire, UK; a mixed urban and rural area with a population of 470,000, high levels of social deprivation, and limited geographical mobility. Secondary care adult mental health services are provided by one organization, North Staffordshire Combined Healthcare Trust (NSCHT), and include inpatient services, crisis/home treatment, mental health resource centers, and an early intervention service. Due to local agreements, all patients treated with LAIs are managed in secondary services.
All consecutive patients were identified from pharmacy records who had received either LAI aripiprazole or paliperidone once a month since their respective launches in the UK until the end of the study in 2016. The sample included all patients who received at least two consecutive doses of the LAI. Too few patients were prescribed long-acting olanzapine and risperidone to warrant their inclusion in the study. There were no inclusion or exclusion criteria. Patients receiving LAI aripiprazole were followed up for the 1-year mirror period, as paliperidone once a month was introduced earlier, the longer follow-up period was available. During the study period, there were no restrictions on the prescription of either LAI other than completing an offformulary form, which detailed clinical information, diagnosis, and why on formulary drugs were not suitable. There were no significant changes in bed numbers, patient numbers, or crisis/home treatments during the study period.
Admission and bed occupancy data were obtained from NSCHT's computerized inpatient management system; its reliability has been demonstrated previously.
14 HoNOS data and some demographic features were obtained from electronic care program approach data. The HoNOS score just prior to initiation of each LAI was recorded, as was the score at 1 year (and 2 years for paliperidone once a month) follow-up. Patient records were examined for clinical details and blood results. Recommendations for physical health monitoring in the UK are varied, including serum lipids, glucose, and prolactin, but at a minimum, annual monitoring is recommended. Obtaining serum values prior to LAI initiation was not feasible and potentially misleading; values were recorded nearest to 1-year follow-up. 15 The primary outcome was a mirror-image analysis of total days of inpatient care in the 1-year period prior to the administration of the LAI and the 1-year following first injection through an assessment of clinical and cost effectiveness. Cost analysis was based on LAI acquisition costs, as published in 2015 and did not include administration costs. Bed costs were also calculated for 2015, the midpoint of the follow-up period. All admissions were assumed to be assigned to a general psychiatry bed for costing calculations as it was not possible to accurately cost higher observation levels.
Analysis was based on an intention-to-treat basis. Data were analyzed using SPSS version 21 (IBM SPSS Statistics for Windows). The distribution of numbers of admissions and bed days was non-normal and Wilcoxon signed-rank test and bootstrap paired sample t-test were used to test the null hypothesis of no difference in number of admissions and bed days before and after initiating LAI.
The study was a service evaluation using routinely collected data negating the need for ethics committee approval.
Results
A total of 114 patients (30 on aripiprazole and 84 on paliperidone palmitate once a month) received a LAI drug during the study period. Overall, 65% were male and the mean age was 40 years. Approximately 50% were detained under 1983 Mental Health Act (MHA) when the LAIs were initiated. The median length of diagnosis was >10 years.
A total of 30 patients received LAI aripiprazole during the study period; patient characteristics are shown in Table 1 . Most of these patients were single, male, and white. The median dose of LAI aripiprazole was 400 mg with only one patient receiving 300 mg. Most patients were started on LAI aripiprazole in an inpatient setting, with 9 (30%) started while on a psychiatric intensive care unit. A total of 16 (53.3%) patients were detained under the 1983 MHA when LAI aripiprazole was started. Of the 30 patients, 3 (10%) patients had not received other antipsychotics before starting LAI aripiprazole treatment, and one patient had participated in a previous trial of clozapine. The median number of admissions prior to LAI aripiprazole therapy was five and the most common reason for starting LAI aripiprazole therapy was poor adherence with previous treatment (13 patients) and lack of prior treatment efficacy (11 patients). Of those receiving LAI aripiprazole, 4 (13.3%) were switched due to side effects with previous medication, while for 2 (6.6%), the reason for switching/initiation was unclear. In the follow-up period, side effects were documented for four patients, although it was difficult to assess as to the severity or persistence of these from the available notes. A total of 4 patients received anti-cholinergics, however, these had been initiated prior to LAI aripiprazole initiation in this study.
A total of 84 patients received LAI paliperidone once a month during the study period, at a mean dose of 106 mg; patient characteristics are shown in Table 1 . Baseline characteristics were comparable with those receiving LAI aripiprazole with most patients also single, male, and white. The majority of patients (71%) were started on LAI paliperidone once a month in an inpatient setting, with 24 patients (29%) receiving medication while on a psychiatric intensive care unit (A unit with higher staffing and security levels). Upon LAI paliperidone once-monthly initiation, 45 (54%) patients were detained under the 1983 MHA. The median number of admissions prior to LAI paliperidone oncemonthly therapy was five and the most common reason for starting therapy was lack of effectiveness/poor adherence with previous treatment (72 patients; 86%). Of those receiving LAI paliperidone once a month, 7 (8.3%) had previously received clozapine. For both LAIs, the most common previously prescribed antipsychotic was olanzapine. Given the clinical history of these patients, the majority had received multiple trials of antipsychotics prior to starting the respective LAIs. Table 2 summarizes the main study outcomes; both bed occupancy and number of admissions were significantly lower with LAI aripiprazole and paliperidone once a month. The cost of LAI aripiprazole at the mean study dose was £2,645, whereas the cost of LAI paliperidone once a month for a 1-year period was £3,796. The reduction in bed use equates to a minimum saving of £14,175 and £13,750 per patient with LAI aripiprazole and LAI paliperidone once a month, respectively. These calculations are based on the basic hotel bed cost and drug acquisition costs in 2015, which was the midpoint of the study period. The cost of the intensive care component could not be reliably estimated. However, it is hypothesized that the actual cost-saving in a routine clinical setting would be significantly higher. The reduction in bed use was accompanied by clinical improvements as measured by the HoNOS. The only sub-score not to show improvement with LAI aripiprazole was the impairment subscale, and the clinical notes recorded an improvement in 24 (80%) patients. For LAI paliperidone once a month, a similar trend was seen in the clinical improvements, as measured by HoNOS.
More patients were receiving LAI paliperidone once a month given that it had been available in the UK for a longer period of time. This allowed for a 2-year mirage analysis for bed occupancy data, with similar results to 1 year. However, HoNOS data were not available for the first 26 LAI paliperidone once-monthly patients.
Blood results for 25 LAI aripiprazole and 65 LAI paliperidone once-monthly patients were analyzed for key metabolic markers (Table 3) . Results taken at least 6 months after the initiation of the LAI, and the mean values for all measurements lie within the normal range expected for these parameters, with the exception of the mean prolactin level in patients treated with paliperidone 954 mIU/L, which was above the normal range, and higher than that seen with aripiprazole 255 mIU/L.
Discussion
The patient characteristics seen at the start of the study were skewed toward a potentially more difficult-to-treat group, as judged by the median number of previous admissions. The results show reduced bed occupancy, reduced associated costs, and an improvement in symptoms and social functioning on the HoNOS for both LAIs. This was mirrored by clinical teams who reported that 80% of patients showed a functional improvement. However, there was no improvement in the impairment subscale of the HoNOS scores with either LAI, which is a common finding. 16 This lack of improvement may demonstrate longstanding, relatively intractable problems, including negative symptoms, which may not be as responsive to pharmacotherapy as positive symptoms.
17 Notes: a HoNOS score available for 58 patients (see "Results" section).
Abbreviations: HoNOS, Health of the Nation Outcome Scale; LAI, long-acting injectable. A statistical analysis was not performed to determine whether there were significant differences between the two LAIs due to the data being mostly non-contemporaneous due to the earlier availability of LAI paliperidone once a month than LAI aripiprazole. To the best of our knowledge, there is only one head-to-head comparison of LAI aripiprazole and LAI paliperidone once a month. This randomized, non-inferior, open-label, rater-blinded study was conducted >28 weeks in 295 patients with schizophrenia. The study showed that 68% of aripiprazole and 57% of paliperidone patients completed 28 weeks of treatment. Statistically significant improvements in clinician-rated, health-related, and quality of life scores were seen with aripiprazole-treated patients. 18 Further, a sub-analysis in younger patients <35 years of age showed improvement in outcomes for LAI aripiprazole. 18 Overall, the results of this small, real-world study are in accordance with other studies, and support switching patients from oral to LAI antipsychotics. [19] [20] [21] These results suggest considerable cost savings as a result of reduced bed use in patients treated with LAI aripiprazole over a period of 1 year. These data are in contrast to Taylor et al (2016) where the use of LAI aripiprazole is described as cost neutral. 13 It has also been reported in a 2-year mirror study that paliperidone LAI was cost effective.
12
Individual blood results were collected~6-12 months after treatment was initiated. No attempt was made to compare these with results prior to the prescription of LAI treatment, as there would be a chance of confounding based on the level of adherence and prior antipsychotic used, thus limiting interpretation of the results. Interestingly, the changes in prolactin levels observed with LAI paliperidone once a month have also been noted in other RCTs where~3% of patients had prolactin-related adverse events. 22 Cross-sectional data allow the comparison of results with shorter RCTs. 23 From a clinical point of view, at the 1-year follow-up, a cross-sectional view of the blood results from all patients demonstrated no major differences in results from short-term use of either antipsychotic in oral or LAI preparation. This small sample and 1-year follow-up may not reveal all long-term problems seen with LAI use, but it is reassuring that no abnormalities were seen to date. While antipsychotics are associated with side effects and abnormal laboratory tests results, 23 evidence from short-term studies do not always reflect the evidence of longer term observational studies, which show that antipsychotic medication reduces morbidity rates.
9,24 Gilmer et al (2004) demonstrated that medication adherence was not only associated with reductions in psychiatric admissions, but also general hospital admissions. 6 There are several limitations with the current study. Despite RCTs seen as the "gold standard" for evaluating treatment efficacy, they are not without their disadvantages. 25 Observational studies, including mirrorimage studies, inform real-world practice and better reflect LAI use in routine clinical practice. 4 In a mirror-image study, patients act as their own control with no parallel placebo or active control group. The absence of a control group means strict comparison between aripiprazole and paliperidone are not reliable and only limited inferences can be made. The advantage is that "real-time change" against individual previous experience can be measured. However, the results may be subject to bias due to regression toward the mean or other non-controlled factors, such as more frequent contact with healthcare professionals. It is inferred from the data that the improvement in outcomes is due to enhanced medication adherence but our data cannot prove this. One factor that may limit the generalizability of our results is the use of MHA Law to mandate hospital admission in approximately half the patients. It is a moot point as to how many would have accepted LAI treatment or indeed any form of antipsychotic if compulsory treatment was not mandated by law. Provision for compulsory community treatment following hospital discharge was available and was used for eight patients. Other limitations include the study sample being opportunistic, small, and limited by prescribing practices of local consultants, which may have introduced further bias. However, the chronicity and number of previous admissions suggest that this sample is a "hard-to-treat" group and the results may have been more favorable in a potentially easierto-treat group, such as younger patients. 18 The sample is also more likely to reflect patients typically encountered in realworld clinical settings than those in RCTs. 4, 25 During the study period, no LAI patients received outof-area inpatient care. Many patients were started on LAI on a high observation level and/or on a psychiatric intensive care setting and it was not possible to reliably capture the extra or additional costs; therefore, it is likely that our results minimize potential cost savings. In addition, approaches that attribute bed days from an index admission to post-treatment immediately after initiation are likely to underestimate the positive effects of the new antipsychotic.
Routinely collected HoNOS scores were used to ascertain whether LAI aripiprazole and paliperidone once a month produced clinical improvements in parallel with reduced inpatient bed occupation. All clinicians had training in the use of this instrument, but there was no standardization and training to the same level as conducted in an RCT. However, the results support previously rigorously conducted research in North Staffordshire using the HoNOS both in terms of the magnitude of change as well as the impairments scale being refractory to improvement. 16 This study does demonstrate that there is an opportunity to evaluate services more closely. Previous similar research with antipsychotic medications, such as LAIs, has focused on economic outcomes, such as occupied bed days, 20 but the use of the HoNOS score demonstrates that this is not at the expense of clinical outcomes in the current study. Three out of the four HoNOS subscales improved, but the impairment scale did not (which is similar to previously reported findings). There is the potential that these outcomes may not be amenable to psychotropic treatment. However, a significant improvement in mental state should encourage people to engage with psychosocial activities designed to achieve this. As a secondary finding, there was no significant evidence of deterioration in the metabolic parameters of patients when using either LAI. The study also supports previously reported increases in mean prolactin levels seen with paliperidone once a month.
Conclusion
This study demonstrates that LAI aripiprazole and LAI paliperidone use once a month is associated with clinical improvement, which is reflected in reduced bed use. The reduction in bed use more than offsets the acquisition costs of LAI drugs, with cost savings in this study being larger for LAI aripiprazole than LAI paliperidone over a period of 1 year. Previous studies have demonstrated that atypical LAIs reduce hospital readmission rates, but this study further demonstrated that this is not at the expense of clinical and social outcomes for both aripiprazole and paliperidone. Furthermore, the clinical utility of routine outcomes, which are underused in the National Health Service (NHS) despite increasing demands on clinicians to collect data demonstrating improvements in the quality of care. Reassuringly, there were no discernible mean abnormalities in patient biochemical markers with either drug, with the exception of raised prolactin levels with LAI paliperidone. Analysis of routinely collected data on a regular basis within the NHS should be used to inform clinical practice and provide justification for the significant costs in generating these data.
